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Abstract 
The paper proposes an approach and reference model for application of the crowd computing paradigm to solve the problem of 
decision making capacity lack in the conditions of fluctuating intensity of business processes and their continuous changes (e.g., 
the specifics of made decisions can change at certain decision making points within business processes). The proposed reference 
model for solving the task of intelligent decision support in business processes is based on the crowd computing, ontology-based 
modelling and decomposition of decision making tasks, crowd member profiling, choosing crowd members for particular 
decision making tasks taking into account their competences and preferences.  
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1. Introduction 
Due to development of information technologies, new IT-based solutions appear more and more often. So do 
business requirements: market globalisation and increasing competition demand quick reaction and adaptation to the 
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changing environment. This means that the intensity of business processes might fluctuate. Besides, the business 
process might have some changes (e.g., the specifics of made decisions can change at certain decision making points 
within business processes). However, it is not usually possible to provide enough capacity and skills to cover all the 
needs. 
The proposed reference model assumes application of the crowd computing paradigm to solve this problem. 
Despite growing adoption of the technology, crowd computing is still in its early stage from the methodological and 
technological points of view. Especially when it comes to applying it for problems that require high levels of skills 
and expertise. Perhaps the only proven schema in this case is a contest model, which is widely used for 
crowdsourcing of innovation ideas, software components and design solutions. On the other hand, the increasing 
complexity of informational processes, typical for modern industrial and management structures, imposes new 
requirements on the degree of formalization of tasks and processes performed with the help of crowd computing 
technology. 
Crowd computing is informally defined in [1] as “an umbrella term to define a myriad of tools that allow human 
interaction to exchange ideas, non-hierarchical decision making and full use of mental space of the globe”. Though 
this definition give some basic notion of this technology, it obviously lacks circumstantiality. Technologies aimed on 
involving human problem solving abilities in variety of tasks that are intractable solely by computer systems are 
being actively developed under several names and differences between them can sometimes seem subtle. 
Four key process and technology innovations are the core of crowd computing [2]. These innovations are 
represented in Table 1. The paper concentrates on the hybrid crowd concept. 
Table 1. Key processes and technology innovations of crowd computing 
Innovation Definition Purpose for decision making support in business processes 
Microtasking Work is broken into small components that are 
easier to complete by the crowd 
Splitting business process tasks into smaller ones (microtasks) that can 
be solved by different IT tools and experts with less competences  
Automation Machines complete repetitive work, leaving 
judgment work to humans 





Higher value work and a greater volume of work 
can be completed when specialists, crowd 
workers and machines work together 
Split into microtasks, complex tasks can be solved jointly by human 
experts and IT tools 
AI Machine learning creates a cascade of knowledge 
that enables more and more automation and 
continuously optimizes cost and quality 
Higher level of automation and decision support 
 
A contemporary challenge in both crowd computing and business automation research is to provide a well-
defined and rigorous technology to describe a crowd-sourced task that is embedded into a company workflow, to 
program crowd-computing effort, to perform this kind of computation and to seamlessly integrate it into company’s 
process structure.  
The answer to this challenge should be a creation of a new hybrid methodological paradigm and a set of 
technological solutions, which together would allow to formalize the process of crowd computing, combining both 
intellectual abilities of people and computing ability of computer technology to ensure sustainable reception of high-
quality results. 
There is some deep analogy between crowd computing and cloud computing. The latter is defined in [3] as a 
“large pool of easily usable and accessible virtualized resources (such as hardware, development platforms and/or 
services, that can be dynamically reconfigured to adjust to a variable load <…> typically exploited by a pay-per-use 
model <…>”. 
There are also several fundamental differences between programming and managing cloud resources versus 
human crowd resources [4]: 
x Motivational diversity. People, unlike computational systems, require appropriate incentives. 
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x Cognitive diversity. Characteristics of computer systems – memory, speed, input/output throughput – vary in 
rather limited range. People, by contrast, vary across many dimensions this implies that we must match tasks to 
humans based on some expected human characteristics. 
x Error diversity. People, unlike computers, are prone to make errors of different nature. 
Due to specifics of the considered problem, it is suggested to use hybrid crowds for supporting decision points 
within business processes. Though usually clouds are formed of hardware and software resources, there is some 
analogy between traditional cloud properties and crowd computing resulting in emergence of “social computers” 
paradigm and human-computer cloud [5], [6]. Alike virtual computers in the cloud, individuals or groups of people 
from a huge crowd “pool” can be dynamically allocated to perform a specific task and then released. 
One simple example is invoice processing [7]. The goal is to track all of the invoices received, get them into ERP 
system and make sure that they get paid. The invoices may be processed by OCR (Optical Character Recognition) 
software, but OCR may sometimes fail to recognize invoice data due to possible variability in input sources and 
formatting. So, if OCR reports low confidence humans should verify its results. It can be done by company 
employees, but this verification task can also be automatically redirected to a crowd computing platform and be 
performed by a workforce registered on that platform. More complex task, may require several coordinated steps of 
crowd activities and are the subject of this paper. 
Another issue related to usage of hybrid crowd for decision making in business processes is security. Most of 
companies wouldn’t delegate the decision making processes to unknown people or external services. For this reason, 
the proposed reference model is aimed to decision making support in enterprises, which have own intranet and 
sufficient amount of experts who can participate in the crowd-based decision support. However, nowadays 
companies feel accustomed to rely on the work completed by people outside the organization. According to IDC 
report [8], worldwide business process outsourcing market shows a steady grow at about 5% a year, and expected to 
reach $209.4 billion in 2017. One of the most rapidly growing ways of doing the job outside is crowdsourcing. Yano 
Research Institute [9] report shows that in the last two years crowdsourcing market in Japan has been growing at 
about 100% a year and is expected to grow at about 50% a year until 2017. 
The paper is structured as follows. The related work is presented in section 2. The proposed approach is 
described in section 3. It is followed by the reference model description in section 4. The main results are 
summarized in the conclusion. 
2. Related work 
There are numerous definitions of crowd computing. According to [10], where several definitions are analysed, 
there are four specific characteristics, that can be used as a basis for a definition of crowd computing. The fifth 
specific, collective intelligence, is considered to be optional, as it does not present in all instances of crowd 
computing.  
These characteristics are [10]:  
x A Crowd of humans. In the most simple form, a crowd is a large group of people that explicitly participate in 
the system and ready to perform some tasks that are assigned to them by the system (or play an active role and 
query for tasks, depending on the employed model of task dissemination – push or pull). More elaborate forms of 
crowd definition and classification account for the size of the group, strengths of ties, physical or virtual type, 
and temporal constraints. 
x Computer-mediated interaction. Crowd computing utilizes computing devices in one or more forms. Computer 
devices usually provide an interface for a crowd member to access tasks, post results and interact with other 
members of the crowd if it is encouraged and supported by the task workflow. Computer devices are also used 
for task scheduling and pre- and post- processing that might be needed to provide tasks to users and aggregate the 
results. 
x Purposive crowd activity. Crowd computing is centered on performing an activity to achieve a predefined 
purpose that is defined by the initiator of the activity. 
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x Task utilize human capabilities. Human crowds are usually employed for that kind of tasks that cannot be 
solved solely by computers: language processing, image processing, design and decision making. Although 
human problem solving abilities can be augmented by computer processing in different steps of crowd computing 
effort. 
x Harnessing collective intelligence. Collective intelligence can play different roles in crowd computing. In may 
appear in the form of collaboration between humans and problem discussion, or it may take the form of 
mechanical aggregation of the results produced by independent individuals. As it was noted earlier, collective 
intelligence, as some emergent property, may event not be a part of every crowd computing instance. For 
example, when a large image is divided into multiple parts, these parts are assigned to different people and then 
the results are joined piecewise. However, even in this scenario a simple attempt to control the quality of the 
output by assigning parts to several people and comparing results can be seen as a form of collective intelligence. 
Today, approaches to both cloud computing and crowd computing (involving human teams interacting via 
information and telecommunication technologies for purposeful complex task solving) are being actively 
researched. However, integration of these similar at first glance technologies into a single hybrid technology faces a 
number of problems, related to fundamental differences between computer service and human interaction 
approaches, that demand prompt solutions. 
The presented work is located at the junction of several research areas: 
x cloud computing. Especially, an emerging technology of hybrid (human-computer) cloud services, i.e. a 
technology for flexible and scalable dynamic management of not only computer resources but also of human 
resources that are involved in the hybrid process. x formal description techniques for workflows. There are several industry standards in the description of 
workflows, including the ones that are explicitly account for human roles in the workflow (BPEL/BPEL4People, 
WS-HumanTask). However, these languages were created for other purposes and without carrying out a detailed 
research it is unclear whether they can be used to describe the decision-making process within the framework of 
crowd computing. x methods and technologies of distributed computing. Currently, several prototype distributed programming 
languages and systems have been offered that account for human as a computational element or a part of a 
program (Jabberwocky, Turkomatic, Crowdforge, AutoMan, CrowdLang). Basically, these developments are 
based on existing models of distributed computing by extending the basic model by taking into account the 
features that make human programming fundamentally different from computer programming. x the optimization of staff assignment and human resources allocation based on ontological and mathematical 
models of human competencies. 
The main problems that unite all of these areas, and being a cornerstone of the proposed approach, are: 
x Structured formalized description of competencies, preferences, and other characteristics of the person as a solver 
of certain type of tasks, as well as a way to determine and verify the values of these characteristics based on the 
experience of human interaction with the crowd computing system. x Creation of new programming techniques taking into account human computing elements. x Way of describing the tasks that allows to automatically separate them into their component parts and to find 
similar tasks. 
Nowadays, there are more than a hundred of different platforms and applications of crowd computing (mainly 
crowdsourcing), and every year new applications are launched. However, all these applications can be, to a first 
approximation, be divided into two broad categories: microtask markets and open contests. The first category 
includes such applications, where participants for a small fee solve relatively simple tasks that require human 
involvement, but do not require special training (this can be the recognition of objects in the photographs, the text on 
the audiotapes, market research, etc.). A good example of this type of application is Amazon Mechanical Turk, 
active since 2005. The second category includes services InnoCentive, Wazoku, TopCoder, 99designs and many 
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others. Their operation is based on arranging open competitions, in which participants propose solutions of the 
specified task. Depending on the service and contest type artifacts can be innovation ideas, software components or 
design solutions. This model is more suitable for complex tasks, the implementation of which requires specific skills 
and expertise. Currently, there is an active search for ways to use crowd computing for tasks more complex than 
those of microtask markets but allowing formalization. 
There are also several research efforts to develop crowd (human) programming principles and frameworks. 
Turkomatic [11]  is a tool that allows requesters to collaboratively design and execute workflows in conjunction 
with the crowd. It accepts a requester’s specification of a task in natural language, and then uses workers on 
Amazon’s Mechanical Turk to determine how to structure workflows to achieve the objective. The requester can 
monitor and edit task decomposition process. 
Crowdforge [12] is a general purpose framework for accomplishing complex and inter-dependent tasks using 
micro-task markets. Crowdforge adopts some flavour of MapReduce distributed programming paradigm and 
supports dynamic partitioning, alleviating the need for the requester to define the structure of task. 
Jabberwocky [13] is a multilevel framework, execution model and a programming language for data processing 
in human-computer systems. It consists of:  a) a human and machine resource management system; b) a parallel 
programming framework for human and machine computation; c) high-level programming language. Machines and 
people are both first-class citizens in resource management system, allowing for natural parallelization and control 
flows for a broad range of data-intensive applications. The resource management system also includes notions of 
real identity, heterogeneity, and social structure. Programming framework is an extension of MapReduce, which 
allows imposing limitations on processor nodes, e.g. finding people whose attributes match those needed for a 
particular task.  
Business process crowdsourcing has also been paid some attention. It was originally introduced by Vecchia and 
Cisternino [14] as a model allowing organizations to crowdsource their internal business processes. However, 
currently, it is still at an early stage of development [15]. 
Today, there are some approaches integrating cloud and crowd computing. For example, the authors of [5], [6] 
propose a unified model to represent software, hardware and human resources of a hybrid human-computer cloud. 
cloud model that provides not only hardware and software services, but also human services of required 
characteristics. Based on this unified model, an application programming interface (API) was designed to 
dynamically manage resources provided to the user. Methodologically, the authors divide computing resources of a 
cloud into human-based services (HBS) and software-based services (SBS). The proposed model of HBS affects the 
following aspects: a) the interaction interfaces (between user and system and between users), b) the notion of human 
power unit (HPU) and its properties, c) HBS archetypes, d) different models of pricing and motivation. The authors 
consider the possibility of creating a social computing units (SCU), consisting of several interacting participants. 
Cognitive diversity in their approach is addressed by describing HPUs by a set of competencies and competency 
levels, allowing both to automatically allocate the most suitable performers for the jobs and to carry out pricing 
based on competence levels of the performers. They also introduce a usage-based pricing model for human services 
based on competence levels. Motivational diversity is addressed only partially – a task description includes 
motivation type. Error diversity is not addressed at all, mainly because their approach can be classified as 
Infrastructure-as-a-Service (IaaS) level, according to widespread classification of cloud services, as all the effort is 
concentrated mainly in the area of resource management and the application technology and process description 
problems are set aside. While error diversity is more an issue of programming logic and should be handled in 
information processing workflow. 
However, the formalization of the task execution process in a human-computer cloud is no less important [4]. 
Originally, crowd computing systems based on the simplest models and these models were inextricably linked 
with their applications. Later, platforms that allow configuration or programming of crowd computing began to 
emerge. To date, it has been proposed several approaches to programming systems based on crowd computing. 
Among all discussed systems and approaches for programming crowd computations, crowd workers competency 
is considered and explicitly modeled only in Jabberwocky framework. Nevertheless, the problem of rational 
concretization of a workflow is paramount and it can not be solved without an adequate description of workers 
competencies. 
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There is a considerable amount of research papers, in which the problem of human resources allocation for an 
organizational unit or a project is formalized and solved as an optimization problem. Various mathematical models 
are employed for this purpose: linear programming [16], nonlinear mixed integer programming [17], analytic 
hierarchy process [18] and others. There are two general approaches. In the first approach, workers are considered 
mostly interchangeable and human resources requirements are described by primarily quantitative characteristics 
(e.g. , [19]), in the second approach, the workers are described by unique combinations of competencies (e.g., [20]). 
Each approach has its own application area. To support decision-making, which is the goal of this work, the second 
approach is more appropriate. In addition, it should be noted, that in modern research, this problem is usually state 
as a multi-criteria problem, where the efficiency of the group is one criterion, other criteria are workers competency 
increase, satisfaction from working together, etc. It is also common to use fuzzy logic for assessing the levels of 
individual competences of workers.  
3. Approach 
The proposed approach addresses the problem of decision support in conditions of fluctuations and changes 
appearing in business processes due to the increased dynamicity of the environment. Its illustration is presented in 
Fig. 1. At the decision point of a business process (“user operation”) in certain conditions the decision maker needs 
help. This can happen for two reasons: 
 
Fig. 1. Illustration of the approach to hybrid crowd-based decision support in a business process. 
x he/she has too much work to do and not able to solve all pertinent tasks in time, 
x he/she cannot solve the current task (make the required decision) because of the lack of the competence 
corresponding to the current situation. 
In this case, the decision maker delegates the task solving to the hybrid crowd consisting of both (a) IT tools, 
which can provide information for decision support (decision support systems), provide recommendations 
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(recommendation systems) or even do some decision making (expert systems); and (b) company experts, who can 
either assist in decision making or make the required decisions. 
To operate with the knowledge the developed by the original approach “knowledge logistics” [21] is used. It 
includes the methodology of and models of rapid knowledge fusion based on the configuration of the knowledge 
source network supported by the ontology and context management technologies, knowledge map and user profiles. 
The modelling and formalization of the decision making task with the help of ontologies doesn’t only enable 
semantic interoperability between different elements of the considered system but also makes it possible to 
decompose the task into smaller subtasks (microtasks), corresponding to competences of the crowd members, as 
well as to choose those members whose competences and preferences better match the formulated microtasks. The 
major problem here is forming the hybrid crowd corresponding to the task to be solved. This problem is solved by 
the crowd configurator. The needs and models/techniques to fulfil them within the crowd configurator are presented 
in Table 2 for different phases of the task-based hybrid crowd lifecycle.  
Table 2. Lifecycle phases for human-computer cloud.  
Lifecycle phase Needs Methods / techniques 
Crowd pool creation (once, however task solvers can 





Modeling goals and objectives 
Identification, qualification, registration of members 
(task solvers) 
Shared knowledge representation formalism 
Shared modeling for network resources 
Common infrastructure 
 






Rules of crowd member selection 
 
Integration Semantic-based interoperability Ontology matching 
Ontology reconciliation 
 
Operation Performance measurement 
Configuration management 
Performance measurement metrics 
Configuring methods 
 
Discontinuation (continuous, initiated by members) Configuration management Update of the current configuration 
 
4. Reference model 
The reference model of the proposed approach is presented in Fig. 2. For semantic integration of services 
included into the crowd the common application ontology is used. The ontology management technology is 
currently being intensively developed and is well proven for solving the semantic interoperability problems. 
Integration of this technology with the context management technology, with the context being described in the 
terminology of the application ontology, would enable complementing the decision making task with additional 
contextual constraints actual at the moment of decision making for more complete accounting of the current 
situation and thus increasing the reliability of the decisions made. 
The main purpose of the application ontology is to remove the gap between domain ontology and tasks & 
methods ontology joining them into one application ontology. Thus, the application ontology consists of the domain 
constituent and tasks & methods constituent. The domain ontology describes the vocabulary related to a generic 
domain (e.g., production or automobiles) and consists of objects and relationships between them, which exist in that 
specific domain and are described in terms of that domain. The tasks & methods ontology is oriented to solving 
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specific tasks and defines methods, concepts and relationships used by the methods to solve that tasks. This 
ontology uses the domain vocabulary for the methods common for several domains. 
 
Fig. 2. Reference model of hybrid crowd for decision support. 
Thus, the application ontology is used for description of the decision making task and its domain. It is proposed 
to complement the description of the crowd members and real world objects with the concepts of the domain 
ontology, what would enable to balance between the accuracy and necessary diversification of solutions due to 
usage of relationships between the ontology concepts. The task description via the tasks & method ontology of via 
the classes and attributes associated with those of the domain ontology would enable decomposing the task into 
subtasks (microtasks) with the simultaneous identification of those crowd members who can contribute in their 
solving. 
When dealing with multiple experts and computer services, trying to find a member that has suitable competence 
for a required task can be a laborious, time-consuming process. Development and maintenance a competence 
management system for all the relevant parties that are potential candidates for such teams can significantly reduce 
the time. Further, linking this system to key decision points and frequent tasks can further enhance its effectiveness 
[22] at the configuration phase, namely at solving the problem of expert selection. Application of the crowd member 
profiling would enable taking into account their preferences, foresee their needs and reveal tacit preferences. As a 
result, application of this technology would enable personalization of the intelligent decision support increasing the 
quality of the delivered information and select the most appropriate tasks for the crowd experts. Personalized 
treatment the crowd members, i.e. their selection taking into account not only competences but also preferences 
(both explicit and tacit), would significantly improve the quality of decision due to a better attitude and interests of 
the crowd members to the tasks being solved, and, as a result, increasing their interest in solving the tasks set. 
5. Conclusions 
The paper proposes an approach and reference model for application of the hybrid crowd concept to decision 
making in business processes. The main specifics of the approach are (1) usage of the ontology for description of the 
decision making task and its domain, and (2) personalized treatment the crowd members 
The developed model makes it possible to delegate complex decision making tasks to the hybrid crowd 
consisting of IT tools and experts. This simplifies solving such problems as lack of time for solving all pertinent 
tasks due to heavy load of the decision maker, and lack of competence corresponding to the current situation.  
The major problem of the proposed reference model is forming the hybrid crowd corresponding to the task to be 
solved. Developing and maintaining a competence management system for all the relevant parties that are potential 
candidates for such teams can significantly facilitate the solving of this problem. The proposed competence profile 
structure doesn’t only allow to analyze the competences of the crowd member, but also to reveal his/her tacit 
preferences to better match the expert’s attitude during the task distribution.  
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